INTRODUCTION

Impact of Illustrations on the Comprehension of Texts
Many studies have shown that illustrations improve the comprehension of narrative, informative, and procedural texts (e.g., Ellis, Whitehill, & Irick,1996; Glenberg & Langston,1992; Gyselinck & Tardieu, 1999; Kalyuga, Chandler, & Sweller, 2000; Mayer & Anderson, 1991 . For instance, Hegarty and Just (1993) showed that comprehension of the operation of a complex system of pulleys was improved when the readers had simultaneous access to a descriptive text and a diagram. On the basis of the text alone, readers correctly understood the space configuration of the pulleys; however, the addition of a diagram to the text enabled them to understand the system requirements and the functional relations between the pulleys at the same time.
Adding an illustration also improves the use of the device described (Ellis et al., 1996; Ganier, Gombert, & Fayol, 2000; Glenberg & Robertson, 1999) . Ganier et al. (2000) observed that users learned more quickly how to use a device if they had seen illustrations representing the actions to be undertaken, compared with a situation in which only verbal instructions were provided. Glenberg & Robertson (1999) showed that the simple fact of being able to observe the device to be handled helped the future users. This last result is particularly important for numerous technical documents in which the function of the illustration is to present the device and to identify the various elements of which it is composed.
Learning From Technical Documents: The Role of Intermodal Referring Expressions
Vincent Dupont and Yves Bestgen, Catholic University of Louvain, Louvain-la-Neuve, Belgium Objective: We investigated the impact of two types of intermodal referring expressions on efficiency of instructions for use. Background: User manuals for software or technical devices such as a video recording system frequently combine verbal instructions and illustrations. Much research has shown that the presence of an illustration has a beneficial effect on learning. The present study focuses on a factor that modulates this beneficial effect. The combination of text and an illustration can be effective only if the user integrates the information coming from these two media. This integration depends largely on the intermodal referential expressions, the function of which is to mark explicitly the relations between the text and the illustration. Method: In an experiment (N = 104), we compared the effectiveness of two intermodal referring expressions often used in procedural texts: indexes (numbers introduced in the illustrations and in the instructions to establish cross-references) and icons (visual representations of the components of the device, which are inserted in the verbal instructions). Results: The icons condition led to the most efficient use of the device. Conclusion: This experiment shows that learning from multimedia documents depends on the possibility of effectively connecting the verbal instructions to the illustration. Application: Taking into account the ergonomic properties of the cross-media referring expressions should allow text designers to improve the effectiveness of technical documents.
Integration Across Media: The Referential Links
What principles should be respected to obtain the beneficial effect of the joint use of text and an illustration (Najjar, 1998) ? As stressed by Mayer (1997 Mayer ( , 2003 , the most important step in learning from a multimedia document occurs during the integration of the various sources of information. According to the model developed by that author, the learner faces a triple task: He or she must understand the text, understand the illustration, and integrate these two sources of information into one representation. Only if this integration is carried out in an effective way can the learner gain the benefit of a presentation combining text and illustration (Hegarty & Just, 1993) . This model explains well why a simultaneous and coordinated presentation of text and an image improves comprehension of multimedia documents (Chandler & Sweller, 1991; Mayer, 1989; Mayer & Anderson, 1991) .
The integration of text and illustrations is particularly important in technical documents that explain how to use software, computers, or any other complex device (André & Rist, 1994; Glenberg & Robertson, 1999) . It is not enough to understand each instruction given in the text or to connect the successive instructions together in order to build a coherent representation; the link must be established between each instruction and the device by determining the elements to which the instruction relates (Glenberg & Robertson, 1999) . The importance of this integration step was underlined by an analysis of how people process a technical text accompanied by an illustration. By monitoring eye fixation patterns, Hegarty and Just (1993) showed that readers proceed by frequently switching between the text and the illustration. Switching from text to illustration often occurs at the end of a sentence, suggesting that the reader tends to fully process the sentence before starting to integrate information from the illustration. Moreover, when readers inspect the illustration, they attempt specifically to locate the elements that have been mentioned in the sentence they have just read in order to establish the referential links between text and illustration.
In short, adding an illustration to a piece of text can be beneficial only if the reader is able to establish referential links between these two sources of information. This integration can be made easier by inserting into the text and the illustration some marks that explicitly indicate the localization on the illustration of the elements to which the text refers (André & Rist, 1994; Pineda & Garza, 2000) . Several types of marks have been used in the past, and with the development of new technology for the formatting of documents (including electronic documents), authors have gained an important freedom in the ability to choose which intermodal referential marks to use. This paper aims to show that by taking account of the ergonomic properties of technical documents, text designers can improve their effectiveness. After introducing the main types of intermodal expressions and describing their ergonomic properties, we report an experiment aiming to show that these properties affect learning.
The Various Types of Intermodal Referential Expressions
Conceptually, there are three types of intermodal referential expressions. The first type indicates on the illustration the terms mentioned in the text to identify an element. These terms are thus used as labels to identify the elements. The second type functions in the opposite way, by inserting into the text the icon that represents the element on the illustration. These first two types are rather similar because in both cases, an element of one medium is inserted into the other. The third type is very different. The coreference is established by introducing in the text and on the illustration the same index -for example, a figure or a letter. It is not the text that is inserted into the illustration or a part of the illustration that finds its place in the text; rather a new system of marks is added to the text and the illustration.
In our study, we chose to limit ourselves to two types of marks that have rarely been studied and which are very different regarding their ergonomic properties: indices and icons. Labels have been extensively studied. It was shown that their addition to an illustration improved the comprehension of explanatory texts, such as the presentation of physicochemical principles (static electricity) and the explanation of the operation of technical devices (Mayer, 1997) .
Indices. The coreference marks of the index type consist of figures or letters placed near the elements represented on the illustration and inserted into the text each time there is a reference to one element of the illustration. The indices allow identification of each element in a clear and univocal way. When several indices are inserted into an instruction, they can be stored in the short-term memory, to be searched for later on the illustration. Already well known by the user, these indices should be easy to locate on the illustration and thus support switching between the text and the illustration.
Their major drawback lies in the fact that the referent of each index cannot be established without looking at the illustration. They function like a true signifier or, better still, like indexical expressions (Glenberg & Robertson, 1999) such as pronouns and deictic terms, the referents of which can be found only by looking at information external to the sentence in which they are employed. In order to learn how to operate the device, users must, for each new index, resort to the illustration to determine its referent. As stated by the cognitive load theory (Chandler & Sweller, 1991 Sweller, Chandler, Tierney, & Cooper, 1990) , this need to attend to both the text and the illustration requires additional working memory resources that are consequently not available for learning to use the device.
Icons. A second means of binding the text to the illustration consists of inserting in the text the icons that represent the elements to be handled. Compared with the indices, the icons have the advantage of representing their referent directly. It should thus be easier to determine their meaning. Another advantage of the icons is that the same symbol can be employed on the device itself as well as for referents in the illustration and the text, bringing a very simple solution to the problem of identification of the referents across media (André & Rist, 1994; Pineda & Garza, 2000) . These two characteristics suggest that the icons should facilitate the comprehension of the operation of the device and the transition from the instructions to the device itself.
However, icons also have drawbacks. They are probably more difficult to locate on the illustration than are indices, especially when several icons are employed in the same instruction. Moreover, the user will be able to associate a verbal denomination with them only if their meaning is sufficiently transparent, which is far from always being the case (Howard, O'Boyle, Eastman, Andre, & Motoyama, 1991) . Thus, at the time of processing the verbal instructions, the icons seem less advantageous than the indices.
Aims of the Study
The principal objective of this study was to empirically test the advantages and disadvantages of the indices and icons in learning to use a device. To this end, a device and its instructions for use were designed. We manipulated the type of reference marks in the instructions by using either indices or icons to refer to elements of the illustration.
We also manipulated the presence or absence in the text of verbal descriptions that indicated the elements' functions. We hypothesized that their presence in the text should modulate the impact of both the indices and the icons even though they could not function as referential expressions between the text and the illustration because they were not used in the illustration. The verbal descriptions could resolve, at least partially, the arbitrary character of the indices by associating them with a short description of the referent. On the other side, they should make clearer the meaning of the icons inserted in the text, as they do for the icons used on a device (Chambers et al., 1992) .
In sum, four versions of the instructions were written, one for each of the four experimental conditions obtained by crossing the type of reference marks and the presence or absence of verbal descriptions. Because we expected that the two manipulated factors would affect both the processing of the instructions and the knowledge acquired about how to use the device, we monitored several dependent variables.
To assess participants' efficiency in processing the text, processing the illustration, and integrating these two media, we used a procedure for presentation of the instructions in which readers had access alternatively to the text or to the illustration. We recorded separately the time spent reading the text and scanning the illustration as well as the number of switches between text and illustration.
To measure the knowledge readers acquired concerning the device, we employed two approaches. First, we measured participants' accuracy in using the device. Good performance in this task rested on the integration of knowledge acquired from the text and from the illustration. The second approach aimed at measuring knowledge that the readers extracted from the text. We used a traditional psycholinguistic procedure consisting of presenting sentences that were more or less similar to the original sentences participants read and asking them to recognize the ones they had read or to decide whether or not their meaning was correct as compared with the text (Kintsch, 1998) . This second measurement enabled us to determine the impact of the type of reference marks on memory for the instructions.
METHOD Design and Participants
Two binary factors were used: the type of reference marks (index or icon) and the presence or absence of verbal descriptions in the text. These factors were crossed, which leads to four experimental conditions. The participants were 104 undergraduate psychology students at the Catholic University of Louvain. Participants were randomly assigned to the four experimental conditions: 24 in the index with verbal description condition, 28 in the index without verbal description condition, 25 in the icon with verbal description condition, and 27 in the icon without verbal description condition.
Material
A device unknown to the participants was designed for the experiment. It consisted of a control panel designed to produce flashes of lightning (see Figure 1) . The control panel was composed of nine elements capable of being active, inactive, or broken down. All these elements were represented by 2-× 2-cm icons. Their state was represented by a green (activated), black (inactivated), or red (broken down) contour. Among the nine elements, six were buttons. When they were not broken down, their state could be switched between activated and inactivated by clicking on them with the mouse. The other three elements were indicator lights. The system was composed of two parallel circuits and two points of passage from one circuit toward the other. Overall, it was possible for six sequences of actions to lead to the production of a flash. These sequences were described within the instructions provided to the participants.
The illustration was a copy of the device to which the indices were added. Each index consisted of a figure placed outside the illustration and connected to the corresponding element by a continuous line. The same illustration was used for all the experimental conditions. The instructions for use described the device and the activation states its components allowed. Then the six procedures for operating the device were described. It was explained that when a button or an indicator light was broken down, every procedure that used it would be inoperative and that it was both necessary and possible to find another procedure to produce the flash. It was also specified in the instructions that all the procedures would be necessary in the final part of the experiment.
Four versions of the instructions were written by manipulating the type of referential expressions (index or icon) and the presence or absence of verbal descriptions (see Figure 2) . The length of the text ranged, according to the presence or absence of verbal descriptions, from 504 to 615 words.
Tasks
Reading task. The instructions for use appeared on a computer screen. The screen was divided into two windows, with the illustration in the top window and the text in the bottom window. At any moment, only one of these two windows was visible. The reader could make a window visible by moving the cursor of the mouse within it. The computer program presented the instructions one sentence at a time when the participants pressed the mouse button. When the illustration was shown on the screen, pressing the button did not update the (invisible) text window. The program recorded the amount of time the text was displayed, the amount of time the illustration was displayed, and the number of switches between the text and the illustration windows.
Sentence recognition and verification tasks. To estimate the knowledge readers acquired from the text, 12 statements were presented to them: three original sentences, three paraphrases obtained by replacing a word in the text with a synonym, three sentences not present in the text (but which could be inferred from the text), and three incorrect sentences. The participants read these sentences twice, each time with different instructions. For the recognition test, which was always carried out first, participants had to decide if they had seen these sentences in the text. According to these instructions, only the original sentences could receive a "yes" answer. For the verification test, the instruction to participants was to decide whether the meaning of the sentences was correct, as compared with the content of the text. Only the incorrect sentences had to receive a "no" answer. For each experimental condition, the sentences were adapted so as to correspond to the form seen at the time of the reading of the text (icon vs. index; presence vs. absence of verbal description).
The device utilization task. Finally, the participants' knowledge of the instructions was tested by having them manipulate the device itself. Twelve situations were presented to the participants. In each situation, at least one element of the device was broken down. The participants' task was to produce the flash in spite of the breakdowns. For each case, at least one procedure explained in the instructions made it possible to produce the flash. When several procedures were possible, participants had to use the one that required the fewest actions.
Procedure
First, the participants read a general introduction to the experiment, describing all the steps and introducing the device in the context of scientific research on lightning flashes. The participants were then given a demonstration of the software displaying the instructions for use. The experimenter explained to them that they could take all the time they needed to read the text and that they could switch from the text to the illustration as often as they needed. After processing the instructions, the participants carried out the sentence memory tasks. Sentences were shown one by one in the middle of the screen. For each sentence, the participants answered "yes" or "no" by pressing one of two labeled keys on the keyboard. Participants were requested to answer as well and as quickly as possible. The last task consisted of using the device to produce flashes. After the participants had been reminded how to handle the device, the 12 situations were presented.
RESULTS
All the data were analyzed by means of 2 (referential expressions) × 2 (presence or absence of verbal descriptions) between-subjects analyses of variance (ANOVAs). A p level of .05 was considered significant.
Acquisition of Information
The impact of the type of marks and the presence or absence of verbal descriptions on the acquisition of information was evaluated by three dependent variables: the total time the text was displayed, total time the illustration was displayed, and number of screen switches between text and illustration.
As can be seen in the top rows of Table 1 , these three variables showed the same pattern. The index without verbal description condition produced the most effective processing of the instructions: shorter reading and visualization times and less frequent switching. The analyses of variance confirmed this conclusion. For the three dependent variables, the interaction between the two factors was significant -number of switchings: F(1, 100) = 6.86, p < .05, MSe = 353.91 -or nearly significant -reading time: F(1, 100) = 3.16, p < .08, MSe = 36506.99; illustration visualization time: F(1,100) = 3.65, p < .06, MSe = 12377.89. In each case, this interaction originated in the existence of a difference between the icon and the index conditions in the absence of a verbal description, whereas there was no difference when a verbal description was present.
Memory for the Verbal Instructions
The middle rows of Table 1 present the average proportions of correct answers to the memory tasks. In the recognition task, the participants' performance was rather weak (64.5 %) -a typical result, given that it is very difficult to distinguish original sentences from paraphrases (Sachs, 1967). Performance in the verification task was higher. The ANOVAs did not produce any significant effect.
Usability Test
The participants' performance in using the device is presented in the bottom rows of Table 1 . The participants managed to produce a flash in 95.5% of the cases. However, this high level of performance hides important differences in the number of steps needed to solve the problems. To quantify the performances more finely, three dependent variables were used: (a) the number of correct procedures, which represents the number of procedures carried out by performing the minimal number of actions; (b) the number of additional actions, which represents the difference between the number of actions carried out by the participant and the minimal number of actions necessary to solve a problem; and (c) the mean time taken to solve a problem.
The analysis of these three variables led to a unique conclusion. Performance was better in the icon conditions than in the index conditionscorrect procedures: F(1, 100) = 8.12, p < .05, MSe = 0.04; additional actions: F(1, 100) = 4.10, p < .05, MSe = 2.84; mean time to solve a problem: F(1, 100) = 5.29, p < .05, MSe = 85.65. The presence or absence of a verbal description did not have a significant effect, and there was no interaction between those two factors for any of the three dependent variables.
DISCUSSION AND CONCLUSION
When the three sets of dependent variables are simultaneously considered, the results obtained can be easily summarized. The fastest group in processing the instructions was the index without verbal description group. The icon groups had the best performance in using the device. Concerning memory for the textual instructions, no differences were observed. It follows that neither faster processing of the instructions nor poor performance in using the device was attributable to poor memory for the verbal instructions.
These results fit well within the framework presented in the introduction, which explained that learning from multimedia documents depends on the possibility of effectively connecting the verbal instructions to the illustration (André & Rist, 1994; Glenberg & Robertson, 1999; Mayer, 1997) . First, consider what occurred in the absence of verbal descriptions. The indices are well-known, easily verbalized symbols and therefore support the processing of the instructions. Icons, which are specific to the device and for which users must learn a verbal description, make processing the instructions more difficult. However, to establish the links among the verbal instructions, the illustration, and the device, the icons are more favorable because they are shared by all of them, whereas the indices require recourse to the illustration to determine which element is involved in the instruction. This requirement to attend to several sources of information increases cognitive load and makes learning more difficult (Sweller et al., 1990) .
In the presence of verbal descriptions, the differences between the two types of reference marks disappeared with regard to processing the instructions. Within the theoretical framework outlined, this is because the treatment of the icons is facilitated by the verbal denomination provided in the instructions. These verbal descriptions were, however, not sufficient to eliminate the disadvantage that the indices have regarding the use of the device.
This research has several limitations, mainly regarding its external validity: Two types of marks were compared in only one type of document. Conducting the same experiment with instructions for using other devices would increase the generalizability of this study. The amount of prior knowledge learners have about the device should certainly be taken into account, given that Kalyuga, Ayres, Chandler, and Sweller (2003) argued convincingly that many instructional design recommendations that are useful for novices are inefficient or even detrimental for more knowledgeable users. It would also be interesting to compare icons with labels, the third type of intermodal referring expression, which consist of including in the illustration the terms used in the instructions to identify an element of the device. It has been shown that labels improve the comprehension of explanatory texts (Mayer, 1997) . In the case of instructions for use, however, we think that icons would be more effective because they would facilitate trimodal integration among the text, the illustration, and the device.
Finally, it seems necessary to study the impact of intermodal referring expressions in instructions for use in which text and illustration are more integrated than in our materials. In the present study, we used a procedure for presenting the instructions in which readers had no simultaneous access to the text and the illustration because we wanted to assess their efficiency in processing the text, processing the illustration, and integrating these two media. In instructions for using software, computers, and technical devices, text and illustration are often physically distant. This situation is not optimal, because it requires attention to be split over unintegrated materials (Kalyuga, Chandler, & Sweller, 1999) . Comparing icons with other referential marks in situations in which text and illustration are more integrated would certainly increase the external validity of the present study.
In conclusion, this study highlighted the impact of the intermodal referential expressions on learning to use a device from documents that combine text and illustration. The need to take this factor into account at the time technical documents are designed is therefore emphasized.
